Abstract: MicroRNAs (miRNAs) play important roles in eukaryotes, plants and some viruses. It is increasingly clear that miRNAs-encoded by viruses can affect the viral life cycle and host physiology. Viral miRNAs could repress the innate and adaptive host immunity, modulate cellular signaling pathways, and regulate the expression of cellular and viral genes. These functions facilitate viral acute and persistent infections, and have profound effects on the host cell survival and disease progression. Here, we discuss the miRNAs encoded by herpesviruses, and their regulatory roles involved in virus-host interactions.
silencing complex (RISC) (54, 66) , whereas the unloaded strand is degraded (52, 56, 82) . The RISC complex directed by the mature miRNA to its targets mediates the specific cleavage of mRNAs or translation arrest of proteins, depending on the complementarities between the miRNA and its target mRNAs (47, 54, 99) .
Over 100 miRNAs have been discovered in viruses so far. However, few target genes of viral miRNAs have been identified so far. Consequently, the functions of the majority of viral miRNAs remain unclear.
Herpesviruses are enveloped, double-stranded DNA viruses. There are three subfamilies: alpha, beta and gamma herpesviruses, based on their structure and biology (77) . Herpesviruses have two distinct phases in their life cycle: latency and lytic replication.
Interestingly, the majority of viral miRNAs identified are from herpesviruses, suggesting that viral miRNAs may play important roles in the unique life cycle of this family of viruses. In this review, we discuss the miRNAs encoded by herpesviruses and their regulatory roles in virus-host interactions.
IDENTIFICATION AND EXPRESSION OF miRNAS ENCODED BY HERPESVIRUSES

Alpha herpesviruses
Herpes simplex virus 1 (HSV-1) is a neurotropic virus, belonging to genus Simplexvirus, one of the members of alpha herpesvirus subfamily. HSV-1 is commonly associated with herpes outbreaks of the face known as cold sores or fever blisters; it can also cause more severe infections in newborns or immunocomprised persons. As a well-studied virus, a number of animal infection models are available, which facilitates the study of HSV-1 pathogenesis (91) . To identify miRNAs encoded by HSV-1, Cui et al. searched the entire viral genome for potential stemloops using a computational approach, and predicted the existence of 13 miRNA precursors and 24 miRNA candidates in this herpesvirus. However, only one of them, miR-H1, was detected and confirmed by Northern-blot hybridization (22) . miR-H1 is located upstream of the latency-associated transcript (LAT) thought to be a non-coding RNA. In contrast to the latent transcript LAT, miR-H1 and its precursor were expressed as late gene products.
LAT is an abundantly expressed RNA transcript in latently infected neurons (86) , which had been shown to be nonessential for viral replication. However, LAT mutants had decreased frequencies of reactivation in an animal model (80) . Recent data had demonstrated the important role of LAT in preventing cell death by blocking cell apoptosis (1, 7, 49, 72) . Because the multifunction of LAT and absence of any detectable protein product translated from this transcript, Umbach et al. attempted to identify potential miRNA precursor hairpins from LAT by cloning and expression of the corresponding genomic sequence in 293T cells. A total of 4 pre-miRNAs, that give rise to 6 mature miRNAs, were identified using a cDNA library deep sequencing method (46) . To determine whether HSV-1 can encode more miRNAs, cDNA deprived from trigeminal ganglia of mice latently infected by HSV-1 was deep sequenced, which led to the identification of miR-H6.
It is notable that miR-H6 is located in the opposite strand of miR-H1, which are largely complementary to each other (89) . In contrast, miR-LAT also encoded by LAT described in an early report was not confirmed by Umbach et al. (45, 89) . 
Beta herpesviruses
Infection by beta herpesvirus human cytomegalovirus (HCMV) is common. Over 50% US individuals of ≥ six years old are infected by HCMV (85) . CMV infection can lead to serious diseases in both immunocompetent and immunocompromised individuals as well as newborns (71, 90) . In 2005, a total of 13 premiRNAs were identified by three groups (27, 40, 73) .
Unlike gamma herpesviruses, HCMV miRNAs are not clustered but scattered over the entire viral genome.
Pfeffer et al. cloned 9 of the 11 pre-miRNAs predicted by a bioinformatics approach; 5 mapped to the intergenic region, 3 derived from the antisense strand of known ORFs, and 1 mapped within the intron of UL36, which is dispensable for viral replication in cultured cells (70, 73) . A similar study by Grey et al. 
Gamma herpesviruses
Epstein-Barr virus (EBV) is the first virus reported
to encode viral miRNAs (74) . EBV is a γ1-herpesvirus 
Regulation of host genes by viral miRNAs
It is conceivable the viral miRNAs regulate the components of host immune system to avoid the im- 
Regulation of viral genes by viral miRNAs
The life cycle of all herpesviruses have two distinct phases, latency and lytic replication. In latent phase, However, it is still early to construct the entire networks of functions performed by viral miRNAs.
Further development of better target prediction algorithms combined with high throughput validation methods should promise better understanding of the roles of these newly discovered fascinating small molecules.
